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^ (57) Abstract: In a transmitter (11), a peak detection section (104) detects a peak factor of a frequency division multiplexed signal 
^ which is output from a frequency division multiplex section (103). A spurious calculation section (105) instructs a gain adjustment 
section (106) to adjust the signal level of the frequency division multiplexed signal so that the level of spurious components (e.g., 
adjacent channel leakage power ratio (ACLR)) is equal to or less than a predetermined level, based on the peak factor. 
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DESCRIPTION 

OPTICAIi TRANSMISSION SYSTEM WITH GAIN CONTROL FOR REDUCTION OP SPURIOUS SIGNAL C 
OMFONENTS 

5 

TECHNICAL FIELD 
The present Invention relates to an optical transmission 
system as well as a transmitter, a receiver, and a method for use 
therein. More particularly, the present invention relates to a 
10 subscriber line (DSL : Digital Subscriber Line ) -compatible optical 
transmission system, an optical transmission system for CATV, or 
an optical transmission system for wireless signals, a so-called 
ROP (Radio-Over-Fiber) system, as well as a transmitter , a receiver, 
and a method for use therein. 

15 

BACKGROUND ART 
PIG. 19 is a block diagram showing the structure of a 
conventional optical transmission system. In FIG. 19, the 
conventional optical transmission system comprises a multiplex 
20 section 81, an optical modulation section 82, an optical 
transmission path 83, an optical detection section 84, a 
demultiplex section 85, first to n"" basic modulation sections 

86- 1 to 86-n, first to n*^ electrical transmission paths 87-1 to 

87- n, and first to n**^ demodulation sections 88-1 to 88 -n. Note 
25 that the first to n^^ transmission paths 87-1 to 87-n may 
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alternatively be wireless paths. 

Hereinafter, an operation of the optical transmission system 
shown in FIG. 19 will be described. The multiplex section 81 
multiplexes a plurality of input digital data signals . The optical 
modulation section 82 converts a signal which has been multiplexed 
by the multiplex section 81 into an optical signal, and sends it 
onto the optical transmission path 83. The optical detection 
section 84 converts the optical signal which has been transmitted 
over the optical transmission path 83 back into an electrical signal . 
The demultiplex section 85 separates the plurality of digital data 
signals which are multiplexed to the electrical signal obtained 
through the re-conversion by the optical detection section 84. 
The first to n*** basic modulation sections 86-1 to 86-n convert 
the digital data signals which have been separated by the 
demultiplex section 85 into modulated signals, which are output 
onto the first to n*" electrical transmission paths 87-1 to 87-n, 
respectively. The first to n**' demodulation sections 88-1 to 88-n 
respectively convert the modulated signals which have been 
transmitted over the first to n**» electrical transmission paths 
87-1 to 87-n back into the plurality of original digital data 
signals . 

The optical transmission system shown in FIG . 19 is generally 
applied to a digital subscriber line (DSL, especially VDSL: 
Very-high-speed Digital Subscriber Line) service. In a DSL 
service, optical sending equipment 801, which includes the 
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multiplex section 81 and the optical modulation section 82, may 
be Installed at a center office (CO) of a telephone company or 
the like. -An optical terminal device 802, which includes the 
optical detection section 84, the demultiplex section 85, and the 
5 basic modulation sections 86-1 to 86 -n, maybe installed in a common 
utility portion of a mult i- dwelling unit (MDU) , a multi-tenant 
unit (MTU) , on a side wall of a subscriber's residence, or on top 
of a utility pole, etc. First to n*** subscriber terminals 803-1 
to 803 -n, which respectively include the demodulation sections 

10 88-1 to 88 -n , may each be ins tailed within a subscriber * s residence . 
Subscriber lines are used as the respective electrical transmission 
paths 87-1 to 87 -n. 

In the above conventional optical transmission system, a 
large part of the entire transmission path from the optical sending 

15 equipment 801 to the subscriber terminals 803-1 to 803-n is 
constructed of optical fibers , which have a relatively low loss . 
Since digital signals are transmitted in the optical transmission 
system, the transmission characteristics are improved and the 
requirements for the performance of the transmission path are 

20 greatly relaxed. 

On the other hand, the end portion (i.e. , from the optical 
terminal device 802 to the subscriber terminals 803-1 to 803-n) 
of the entire transmission path, that is, the wiring within the 
subscriber's residence, is composed of electric wiring such as 

25 twisted-pair cables . Since DSL modulated signals are transmitted 
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through this portion from the optical terminal device 802 to the 
subscriber terminals 803-1 to 803-n, the handling of the wiring 
within the subscriber's residence is facilitated, and the costs 
thereof can be reduced. 
5 In accordance with this conventional technique, the entire 

transmission system can be elongated, while providing good 
installability and economy of the equipment within the subscriber ' s 
residence . 

However, the above- described conventional transmission 

10 apparatus has a problem in that , due to the large size of the optical 
terminal device, there is a limit to the number of subscribers 
that can be accommodated, leading to high equipment costs, as 
described below. In the structure shown in FIG. 19, the optical 
terminal device 802 needs to include as many first to n*^ basic 

15 modulation sections 86-1 to 86 -n as there are subscribers to be 
accommodated by the optical transmission system. As a result, 
the size of the optical terminal device 802 and the costs associated 
with the optical terminal device 802 are increased. Thus, the 
optical terminal device 802, which is installed on the subscriber 

20 side , increases in size and the costs associated therewith increase , 
thereby unfavorably affecting the economy of the overall 
t r an smi s s i on sy s t em . 

In order to solve the aforementioned problem, a technique 
of performing a conversion from a digital signal to modulated 

25 signals at the optical sending equipment has been proposed (e.g. , 
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Japanese Laid-Open Patent Publication No. 8-79178; Yasue et al. , 
"Optical Access Technique for Multiple Channels of VDSL" , TECHNICAL 
REPORT OF lEICE, vol.102, no. 358, OCS2002-64, pp. 17-22, Oct. 2002; 
and T. Yasue et. al. , "Scalable Optical Access System for 
Multi-channel VDSL based on Subcarrier Multiplexing", OSA 
Tech. Digest in Optical Fiber Communication Conference 2003 , paper 
FM6 , Atlanta, USA, Mar . 2003 . ) . Specifically, the optical sending 
equipment generates aplurality of modulated signals corresponding 
to the subscriber lines, subjects the modulated signals to a 
frequency division multiplex, converts the resultant signal to 
an optical signal, and sends out the optical signal onto the optical 
transmission path. In this case, the optical terminal device 
converts the optical signal which has been transmitted thereto 
to an electrical signal, subjects the electrical signal to a 
frequency separation, so as to be transmitted to the respective 
subscriber terminals . As a result , the basic modulation sections 
can be omitted from the optical terminal device , so that the problem 
of increased size and cost of the optical terminal device can be 
solved . 

In this case, the modulated signals are transmitted over 
the optical transmission path . Therefore , it must be ensured that 
the entirety of the modulated signals satisfy a transmission 
capacity which can be tolerated by the optical transmission path. 
Therefore, when converting digital data signals into modulated 
signals, the optical sending equipment must set modulation 
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parameters for the modulated signals so as to satisfy the 
transmission capacity which can be tolerated by the optical 
transmission path. 

In recent years, modems have been proposed which, with a 
5 view to efficiently utilizing cm optical transmission path, can 
dyncunically change the modulation parameters for modulated signals 
in accordance with the state of use of each subscriber line and 
the treuismission characteristics of the lines. Examples of such 
modems are VDSL modems . However , in the case where such a modem 

10 is used to convert digital data signals to modulated signals and 
the modulated signals are subjected to a frequency division 
multiplex before being transmitted from the optical sending 
equipment (transmitter) to the optical terminal device (receiver) , 
a spurious component occurs on both sides of the spectrum of each 

15 modulated signal at the electrical- to-optical conversion section, 
due to the non-linearity of an optical transmission system, in 
particulax a semiconductor laser diode which is used as an 
electrical-to-optical conversion element. Conventionally, no 
means has been provided for approximating emd reducing such a 

20 spurious component. In particular, spurious was difficult to 
approximate and reduce in the case where the modulation method 
changes over time. 



25 



DISCLOSURE OP THE INVENTION 
Therefore, cin object of the present invention is to provide: 

6 
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an optical transmission system, more specifically, a sub-cajrrier 
multiplexing (SCM) optical transmission system wtxere modulated 
signals are sub:)ected to a frequency division multiplex before 
optical transmission (e.g. , a DSL -compatible optical treuismlsslon 
5 system) , such that a spurious component occurring In the 
neighborhood of the spectrum of each modulated signal can be 
reduced; a transmitter; a receiver; and a method for use therein. 

To achieve the above objects, the present Invention has the 
following aspects. A first aspect of the present Invention Is 

10 directed to an optical transmission system having: a transmitter 
for converting a frequency division multiplexed signal to an 
optical signal and sending the optical signal onto an optical 
transmission path , the frequency division multiplexed signal being 
composed of first to n*^ modulated signals (where n Is an Integer 

15 which Is equal to or greater than two) having been sub:}ected to 
a frequency division multiplex; a receiver for converting the 
optical signal having been transmitted over the optical 
transmission path back Into the frequency division multiplexed 
signal, and separating the frequency division multiplexed signal 

20 Into the first to n*^ modulated signals; and first to n*** terminal 
devices which are connected to the receiver via the first to n*** 
connection lines, respectively, for receiving the separated 
modulated signals , the system comprising ; a peak detection section 
for detecting peak Information concerning a peak of a signal level 

25 of the frequency division multiplexed signal; a spurious 
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calculation section for, based on the peak information detected 
by the peak detection section, calculating 

desired-to-undesired~signal information of the frequency 
division multiplexed signal, and determining signal level 
5 information concerning a signal level for the frequency division 
multiplexed signal which ensures that the 

desired-to-undesired-signal information is equal to or greater 
than a predetermined level; and a gain adjustment section provided 
in the transmitter for, based on the signal level information 

10 determined by the spurious calculation section, adjusting the 
signal level of the frequency division multiplexed signal when 
being converted to the optical signal. 

According to the first aspect , desired- to-undesired-signal 
information is determined based on peak information concerning 

15 a frequency division multiplexed signal. Based on the 
desired- to-iindesired-signal information , signal level 
information concerning a signal level for the frequency division 
multiplexed signal which ensures that the 

desired- to -undesired- signal information is equal to or greater 

20 than a predetermined level . Based on the signal level information , 
the signal level of the frequency division multiplexed signal when 
being converted to the optical signal is adjusted. Thus, there 
is provided an optical transmission system, more specifically, 
a sub-carrier multiplexing ( SCM) optical transmission system where 

25 modulated signals are subjected to a frequency division multiplex 
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before optical transmission, in whicli the level of the frequency 
division multiplexed signal is adjusted so that a spurious 
component occurring in the neighborhood of the spectrtim of each 
modulated signal is reduced. As a result, it becomes possible 
5 to utilize the optical transmission path in an efficient manner. 

Preferably, the transmitter includes : first to n^ modulation 
sections for generating the first to n^ modulated signals based 
on first to n*^ data signals to be transmitted to the first to 
terminal devices ; a frequency division multiplex section for 

10 output ting the frequency division multiplexed signal by subjecting 
the first to n^*^ modulated signals which are output from the first 
to n**^ modulation sections to a frequency division multiplex; and 
an electrical-to-optical conversion section for converting into 
the optical signal the frequency division multiplexed signal which 

15 is output from the frequency division multiplex section , the signal 
level of the frequency division multiplexed signal having been 
adjusted by the gain adjustment section , and for sending the optical 
signal onto the optical transmission path, and the receiver 
includes: an optical-to~electrical conversion section for 

20 receiving the optical signal having been transmitted via the 
optical transmission path, and converting the optical signal back 
into the frequency division multiplexed signal; and a frequency 
demultiplex section for extracting the first to n**^ modulated 
signals from the frequency division multiplexed signal which is 

25 output from the optical- to-electrical conversion section, and 
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sending the first to n*^ modulated signals onto the first to n*** 
connection lines, respectively, and the first to n*** terminal 
devices each Include a demodulation section for demodulating the 
modulated signal which is transmitted over a corresponding one 
5 of the first to n**^ connection lines. 

Preferably , the deslred~to-undesired- signal information is 
spurious information concerning a spurious component of the 
frequency division multiplexed signal occurring in the 
electrlcal-to-optical conversion section or the like and the 

10 frequency division multiplexed signal itself, and the spurious 
calculation section determines, as the signal level Information, 
information concerning a signal level for the frequency division 
multiplexed signal which ensures that a level of the spurious 
component represented by the spurious information is equal to or 

15 less than a predetermined level. 

Thus , the signal level of the frequency division multiplexed 
signal can be adjusted so as to reduce the spurious component 
occurring in the neighborhood of each modulated signal. 

For example, the peeik information may be expressed by a peak 

20 factor € , which represents a ratio of a peak power to an average 
power, so called PAPR (Peak- to -Average Power Ratio), of the 
frequency division multiplexed signal, the spurious information 
may be expressed by an adjacent channel leakage power ratio ( ACLR) , 
which is determined in terms of: a spurious factor /c which is 

25 determined based on: a spurious amount, in accordance with the 
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peak factor € , of a modulated signal corresponding to one channel; 
a level of second-order distortion (IM2) which is in accordance 
with a given optical modulation index (OMI) m in the 
electrical -to -optical conversion section; axi€L a level of 
5 third- order distortion ( IM3 ) which is in accordance with the given 
optical modulation index m in the electrical -to -optical conversion 
section; a level of composite second-order distortion (CSO) of 
the frequency division multiplexed signal which is in accordance 
with the given optical modulation index m in the 

10 electrical- to-optical conversion section; and a level of composite 
third-order distortion ( CTB ) of the frequency division multiplexed 
signal which is in accordance with the given optical modulation 
index m in the electrical -to -optical conversion section, and the 
spurious calculation section may determine, as the signal level 

15 information, an optical modulation index m which ensures that the 
adjacent channel leakage power ratio (ACLR) is equal to or less 
than a predetermined level. As used herein, the spurious factor 
K ±3 a. parameter representing a difference between a spurious 
amount of a modulated signal and an amount of distortion based 

20 on sinusoidal waves. 

For example, the optical transmission system may further 
comprise a § -m- K table storage section for previously storing 
a $ -m- K table indicating correspondence between the peak factor 
€ , the optical modulation index (OMI) m in the 

25 electrical- to-optical conversion section, and the spurious factor 
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K , Wherein the spurious calculation section Is operable to: 
determine a spurious factor /c which corresponds to the peeik factor 
^ detected by the peak detection section, by referring to the 
€ -m- K table stored In the ^ -m- k table storage section; and 
5 search for an optical modulation Index m which ensures that the 
ad;jacent channel lesikage power ratio, which Is expressed by the 
spurious factor K , the level of composite second-order distortion, 
and the level of composite third-order distortion, is equal to 
or less titan a predetermined level, and determines the optical 

10 modulation Index m thus found as the signal level Information. 

Thus , the signal level of the frequency division multiplexed 
signal can be easily adjusted so as to reduce the spurious component 
occurring in the neighborhood of each modulated signal. 

Preferably, the desired- to-undesired-signal Information is 

15 a comprehensive signal quality ratio which is defined based on: 
spurious Information concerning a spurious component of the 
frequency division multiplexed signal occurring in the 
eleotrlcal-to-optical conversion section; and carrier- to -noise 
information, and the spurious calculation section determines, as 

2 0 the signal level information , information concerning a signal level 
for the frequency division multiplexed signal which ensures that 
the comprehensive signal quality ratio becomes maximum. 

Thus , the signal level of the frequency division multiplexed 
signal can be adjusted so as to reduce the spurious component 

25 occurring in the neighborhood of the modulated signal. 
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For example, tlie peak ±nf ormation may be expressed by a peedc 
factor % , whicli represents a ratio of a peak power to an average 
power of ttie frequency division multiplexed signal , the spurious 
information may be expressed by an adjacent channel leakage power 
5 ratio, which is determined in terms of: a spurious factor K which 
is determined based on : a spurious amount , in accordance with the 
peak factor $ , of a modulated signal corresponding to one channel; 
a level of second-order distortion which is in accordance with 
a given optical modulation index m in the electrical-to-optical 

10 conversion section; and a level of third-order distortion which 
is in accordance with the given optical modulation index m in the 
electrical- to- optical conversion section; a level of composite 
second-order distortion of the frequency division multiplexed 
signal which is in accordance with the given optical modulation 

15 index m in the electrical- to-optical conversion section; and a 
level of composite third- order distortion of the frequency division 
multiplexed signal which is in accordance with the given optical 
modulation indexmin the electrical- to-optical conversion section, 
the carrier-to-noise information may be expressed as a function 

20 of the optical modulation index m in the electrical-to-optical 
conversion section, the optical transmission system may further 
comprise: a S -m- /c table storage section for previously storing 
a t -m- tc table indicating correspondence between the peak factor 
€ , the optical modulation index m in the electrical -to -optical 

25 conversion section, and the spurious factor K ; and a 
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carrier- to -noise Information storage section for previously 
storing correspondence between the optical modulation Index m In 
the electrical-to-optlcal conversion section and the 
carrier- to -noise Information, the spurious calculation section 
5 maybeoperable to: determine a spurious factor k which corresponds 
to the peak factor I detected by the peak detection section, by 
referring to the ^ -m- K table stored in the € -m- K table storage 
section; determine the adjacent channel leakage power ratio which 
is expressed by the spurious factor K , the level of composite 

10 second-order distortion, and the level of composite third-order 
distortion; and determine, as the signal level information, an 
optical modulation Indexmln the electrical- to-optical conversion 
section which ensures that the comprehensive signal quality ratio , 
which is expressed by the adjacent channel leakage power ratio 

15 and the carrier -to -noise information, becomes maximum. 

Thus , the signal level of the frequency division multiplexed 
signal can be easily adjusted so as to reduce the spurious component 
occurring In the neighborhood of the modulated signal. 

Preferably, the peak detection section detects the peak 

20 information by detecting the signal level of the frequency division 
multiplexed signal which is output from the frequency division 
multiplex section. 

Thus, it becomes possible to detect peak Information at the 
transmitter . 

25 Preferably, the peak detection section detects the peak 
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information' based on information concerning peaks of tlie first 
to n**^ modulated signals which aure output from the first to n*^ 
modulation sections . 

Thus, it becomes possible to detect peak information based 
5 on each modulated signal , whereby accuracy of the peak information 
is improved. 

Preferably, the peak detection section detects the peak 
information by detecting the signal level of the frequency division 
multiplexed signal which is output from the optical-to-electrical 
10 conversion section. 

Thus, it becomes possible to detect peak information at the 
receiver . 

Preferably, the peak detection section detects the peak 
information by detecting the signal levels of the first to xi^^ 
15 modulated signals which are output from the frequency demultiplex 
section . 

Thus , it becomes possible to detect peak information based 
on each modulated signal, whereby accuracy of the peak information 
is dLmproved . 

20 In one embodiment , the frequency division multiplex section 

includes a frequency conversion section for converting the first 
to n^^ modulated signals to signals having respectively different 
frequencies, and the frequency demultiplex section includes an 
inverse frequency conversion section for converting the first to 

25 n**^ modulated signals contained in the frequency division 
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multiplexed signal to signals having their respective original 
frequencies . 

Thus, even in the case where the frequency bands of the 
modulated signals overlap with one another, the modulated signals 
5 can still be subjected to a frequency division multiplex. 

Preferably, the spurious calculation section determines the 
desired- to-undesired-signal information in accordance with a 
number n of channels of modulated signals. 

Thus , there is provided an optical transmission system which , 

10 even in the case where the number of channels changes over time, 
enables adjustment of the level of the frequency division 
multiplexed signal so as to reduce spurious components which occur 
in the neighborhood of the spectrum of each modulated signal and 
which change over time. 

15 Preferably, the receiver further includes: a distortion 

monitoring section for detecting a distortion level, at a 
predetermined frequency, of the frequency division multiplexed 
signal which is output from the electrical -to-optical conversion 
section; and a distortion information transmission section for 

20 transmitting distortion level information to the transmitter, the 
distortion level information representing the distortion level 
which is detected by the distortion monitoring section, and based 
on the distortion level information which is transmitted from the 
distortion information transmission section , the gain adjustment 

25 section adjusts the signal level of the frequency division 
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multiplexed signal which Is Input to the electrical- to -optical 
conversion section so that the distortion level which Is detected 
by the distortion monitoring section Is equal to or less than a 
predetermined level. 
5 Thus , the signal level of the frequency division multiplexed 

signal can be adjusted while taking Into consideration the 
Influence of distortions at the receiver, whereby distortions can 
be better suppressed. Moreover, within a frequency band in which 
a plurality of modulated signals are deployed, only a specific 

10 frequency band which is most susceptible to distortions is 
selectively monitored. As a result , it becomes possible to detect 
the Influence of distortions without having to measure a distortion 
level a with respect to every frequency band. 

Preferably, each terminal device further Includes a quality 

15 detection section for detecting a signal quality of an output signal 
from the demodulated by the demodulation section , and transmitting 
the signal quality as signal quality information to the tremsmitter 
via the receiver, and the gain adjustment section adjusts the signal 
level of the frequency division multiplexed signal which is input 

20 to the electrical -to -optical conversion section so that the signal 
quality which is represented by the incoming signal quality 
information satisfies a predetermined quality level. 

Thus , based on the signal quality of each modulated signal , 
the signal level of the frequency division multiplexed signal is 

25 adjusted. As a result , the signal quality of the modulated signal 
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can be maintained at a predetermined quality level* 

A second aspect of the present invention is directed to a 
transmitter for converting a frequency division multiplexed signal 
to an optical signal and sending the optical signal onto an optical 
5 tremsmission path , the frequency division multiplexed signal being 
composed of first to n^^ modulated signals (where n is an integer 
which is equal to or greater than two) having been subjected to 
a frequency division multiplex^ the tremsmitter comprising: apeak 
detection section for detecting peak inf oinnation concerning apeak 

10 of a signal level of the frequency division multiplexed signal; 
a spurious calculation section for, based on the peak information 
detected by the peak detection section, calculating 
desired-to-undesired-signal information of the frequency 
division multiplexed signal, and determining signal level 

15 information concerning a signal level for the frequency division 
multiplexed signal which ensures that the 

desired- to -undesired- signal information is equal to or greater 
than a predetermined level; and a gain adjustment section for, 
based on the signal level information determined by the spurious 

20 calculation section, adjusting the signal level of the frequency 
division multiplexed signal when being converted to the optical 
signal. 

A third aspect of the present invention is directed to a 
receiver for use in conjunction with a transmitter for converting 
25 a frequency division multiplexed signal to an optical signal and 
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sending the optical signal onto an optical transmission patlx, the 
frequency division multiplexed signal being composed of first to 
n*** modulated signals (where n Is an Integer which Is equal to 
or greater than two) having been subjected to a frequency division 
5 multiplex, the receiver converting the optical signal having been 
transmitted from the transmitter back Into the frequency division 
multiplexed signal and separating the frequency division 
multiplexed signal into the first to n**' modulated signals, the 
receiver comprising: a peak detection section for detecting peak 

10 information concerning a peak of a signal level of the frequency 
division multiplexed signal, wherein, the peak information 
detected by the peak detection section is used for calculating 
desired- to-undeslred- signal information of the frequency 
division multiplexed signal, the desired-to-undeslred-signal 

15 information being used for determining signal level Information 
concerning a signal level for the frequency division multiplexed 
signal which ensures that the desired- to -undeslred- signal 
information is equal to or greater than a predetermined level; 
and the signal level information is used for adjusting the signal 

20 level of the frequency division multiplexed signal when being 
converted to the optical signal. 

A fourth aspect of the present invention is directed to a 
signal level adjustment method for adjusting a signal level of 
a frequency division multiplexed signal for use in an optical 

25 transmission system having: a transmitter for converting a 
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frequency division multiplexed signal to an optical signal and 
sending the optical signal onto an optical transmission path, the 
frequency division multiplexed signal being composed of first to 
n^^ modulated signals (where n is am integer which is equal to 
5 or greater than two) having been subjected to a frequency division 
multiplex; a receiver for converting the optical signal having 
been treuismitted over the optical transmission path back into the 
frequency division multiplexed signal, and separating the 
frequency division multiplexed signal into the first to n*^ 

10 modulated signals; and first to n^^ terminal devices which are 
connected to the receiver via the first to n*^ connection lines , 
respectively, for receiving the sepairated modulated signals, the 
method comprising the steps of: detecting peak information 
concerning a peak of a signal level of the frequency division 

15 multiplexed signal; calculating desired- to -undesired- signal 
information of the frequency division multiplexed signal based 
on the detected peak information; determining signal level 
information concerning a signal level for the frequency division 
multiplexed signal which ensures that the 

20 desired- to-undesired- signal information is ec[ual to or greater 
than a predetermined level; and based on the signal level 
information, adjusting the signal level of the frequency division 
multiplexed signal when being converted to the optical signal. 

25 BRIEF DESCRIPTION OP THE DRAWINGS 



20 
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FIG. 1 is a block diagram illustrating the stroicture of an 
optical transmission system according to a first embodiment of 
the present invention. 

FIG. 2A is a graph illustrating the spectra of a frequency 
division multiplexed signal which is output from a frequency 
division multiplex section 103 in the case where the modulated 
signals are QAM (Quadrature Amplitude Modulation) signals. 

FIG. 2B is a graph illustrating the spectra of a frequency 
division multiplexed signal in the case where the modulated signals 
are DMT (Discrete Multi-Tone) signals. 

FIG. 3 is a graph illustrating changes over time of the 
amplitude level of a frequency division multiplexed signal for 
explaining a detection method and the definition of a pecik factor 
g • 

FIG. 4A is a graph illustrating a spectrum of a single 
modulated signal contained in a frequency division multiplexed 
signal which is output from an optical-to-electrical conversion 
section 109 anda spectrum of a spurious component (undesired signal 
component) associated therewith, under a peak factor 1=^1. 

FIG. 4B is a graph illustrating a spectrum of a single 
modulated signal contained in a frequency division multiplexed 
signal which is output from an optical-to-electrical conversion 
section 109 anda spectrum of a spurious component (undesired signal 
component) associated therewith, under a peak factor €=^2. 

FIG. 5 is a graph illustrating a relationship between a peak 

21 
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factor Of a frequency division multiplexed signal and a spurious 
amount thereof. 

PIG. 6A is a graph illustrating a spectrum of a modulated 
signal corresponding to one channel and a spectrxan of a spurious 
5 component associated therewith (where there is a spurious amount 
of ACLRich) . 

FIG. 6B is a graph illustrating the spectra of two channels 
of sinusoidal waves (two tones), spectra of second-order 
distortions associated therewith (IM2) , and spectra of third- order 
10 distortions associated therewith (IM3). 

FIG. 6C is a graph illustrating the spectra of modulated 
signals corresponding to n channels and spectra of spurious 
components associated therewith (where there is a spurious amount 
of ACLRNch each) . 

15 FIG. 6D is a graph illustrating the spectra of n channels 

of sinusoidal waves (C) , as well as spectra of second-order 
distortions (CSO: Composite second-Order distortion) and 
third-order distortions (CTB: Composite Triple Beat) associated 
therewith . 

20 FIG. 7 is a schematic diagram illustrating a € -m- K table. 

FIG. 8 is a schematic diagram illustrating an m-additional 
term table. 

FIG . 9 is a schematic diagram illustrating an m- 1/CNR table . 
FIG. 10 is a flowchart illustrating an operation of a 
25 spurious calculation section 105. 
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FIG, 11 ±s a flowchart illustrating ein operation of a 
spurious calculation section in the case of obtaining, from a 
previously- stored tables, a value of an optical modulation index 
m which ensures that the value of a spurious amount ACLRncoxC I #ni) 
5 is equal to or less than a predetermined level. 

FIG. 12 is a graph illustrating, with respect to each 
modulated signal in a frequency division multiplexed signal which 
is output from an optical -to -electrical conversion section 109, 
dependencies on the optical modulation index of a carrier-to-noise 
10 ratio (CNR), ACLRi and ACLRj Illustrated in FIG- 5, and IMS and 
CTB illustrated in FIG. 6B and FIG. 6D. 

FIG. 13 is a block diagram illustrating the structure of 
an optical transmission system according to a second embodiment 
of the present invention. 
15 FIG. 14A is a graph illustrating exemplary frequency 

characteristics of second- order distortion (CSO) which is detected 
by a distortion monitoring section 113. 

FIG. 14B is a graph illustrating exemplary frequency 
characteristics of third-order distortion (CTB) which is detected 
20 by a distortion monitoring section 113. 

FIG. 15 is a block diagram illustrating the structure of 
an optical transmission system according to a third embodiment 
of the present invention. 

FIG. 16 is a block diagram Illustrating the structure of 
25 an optical transmission system in the case where peak information 
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is obtained by detecting peak values of first to n*^ modulated 
signals which are output from first to modulation sections 
102-1 to 102-n. 

FIG. 17 is a block diagram illustrating the structure of 
5 an optical transmission system in the case where peak information 
is obtained by detecting peak values of a frequency division 
multiplexed signal which is output from an optical- to -electrical 
conversion section 109. 

FIG. 18 is a block diagram illustrating the structure of 
10 an optical transmission system in the case where peak information 
is obtained by detecting peak values of first to n^^ modulated 
signals which are output from a frequency demultiplex section 110 . 

FIG. 19 is a block diagram illustrating the structure of 
a conventional optical transmission system. 

15 

BEST MODE FOR CARRYING OUT THE INVENTION 
(first emboddLment) 

FIG. 1 is a block diagram illustrating the structure of an 
optical transmission system according to a first embodiment of 

20 the present invention . In FIG . 1 , the optical transmission system 
comprises a transmitter 11 , a first optical transmission path 108 , 
a receiver 12, first to n^*^ subscriber lines 111-1 to 111-n, and 
first ton**" demodulation sections (terminal devices) 112-1 to 112-n. 
Herein, it is assumed that n is an integer which is equal to or 

25 greater than two. 

24 
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The transmitter 11 ±s connected to tlie receiver 12 via the 
first optical transmission path 108. The transmitter 11 may be 
installed in a center office (CO) of a telephone company or the 
like, for example. 
5 The receiver 12 may be installed in a common utility portion 

of a multi- dwelling unit (MDU) , for example. The receiver 12 is 
connected to the first to n**^ demodulation sections 112-1 to 112-n, 
via the subscriber lines (first to n*^ subscriber lines 111-1 to 
111-n), respectively. 

10 The subscriber lines 111-1 to 111-n may be, for example, 

telephone lines (i.e., twisted pair cables), coaxial cables, or 
wireless lines. 

The first to n^ demodulation sections 112-1 to 112-n 
respectively correspond to subscribers ' modems , and are installed 

15 at the respective subscribers' residences. 

The optical transmission system according to the present 
embodiment has a constitution which utilizes a VDSL technique in 
the form of so-called PTTB (Fiber-To-The-Building) or so-called 
FTTC (Fiber -To -The -Curb) . 

20 The transmitter 11 comprises a line separation section 101, 

first ton*** modulation sections 102-1 to 102-n, afrequency division 
multiplex section 103, a gain adjustment section 106, an 
electrical-to-optical conversion section 107, a peak detection 
section 104, and a spurious calculation section 105. It is to 

25 be understood that a k*^ modulation section 102-k (where k is an 
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Integer which may take any value from 2 to n) has a similar function 
to that of the first modulation section 102-1. 

The receiver 12 includes an optical-to-electrical 
conversion section 109 and a frequency demultiplex section 110. 
5 The line separation section 101 sepcurates an input data 

signal into first to n**^ data signals for output - Herein, the first 
to n*^ data signals are signals to be transmitted to the first 
to n*^ demodulation sections 112-1 to 112-n over the first to n**" 
subscriber lines 111-1 to 111-n, respectively. 

10 First to n*^ data signals are respectively input to the first 

to n**^ modulation sections 102-1 to 102 -n. Hereinafter, an 
operation of the first to n^*" modulation sections 102-1 to 102 -n 
will be described, taking the first modulation section 102-1 for 
example. The first modulation section 102-1, which is provided 

15 corresponding to a first data signal that is output from the line 
separation section 101, converts the first data signal to a first 
modulated signal based on a predetermined modulation parcuneter { s ) . 
Herein, a signal which is output from any k}^ modulation section 
102-k will be referred to as a "k*^ modulated signal". 

20 The operation of the first modulation section 102-1 will 

be more specifically described. In accordance with the 
predetermined modulation parameter(s) , the first modulation 
section 102-1 modulates the first data signal which has been output 
from the line separation section 101 into a modulated signal, and 

25 outputs the modulated signal . In the present embodiment , the first 
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modulation section 102-1 performs QAM (Quadrature Amplitude 
Modulation) in accordance with the predetermined modulation 
parameter ( 3 ) . As used herein, the modulation parameter(s) may 
include an M-ary constellation size, power spectral density (PSD) , 
5 modulation band width, and/ or the like. The modulation 
parameter ( s ) is to be determined based on the state of communication 
and the transmission path state on the first connection line /and 
are variable. The modulation parameter(s) is changed in 
accordance with an instruction from a control section (not shown) . 

10 Any k^*^ modulation section 102-k also performs a similar operation . 

The frequency division multiplex section 103 subjects the 
first to n^^ modulated signals which have been output from the 
first to n^ modulation sections 102-1 to 102 -n, respectively, 
to a frequency division multiplex. . Herein, a signal which is 

15 obtained by subjecting modulated signals to a frequency division 
multiplex will be referred to as a "frequency division multiplexed 
signal". The frequency division multiplex section 103 may be of 
either a construction which does not involve frequency conversion, 
or a construction which involves frequency conversion. The 

20 frequency division multiplex section 103 has a construction which 
does not involve a frequency conversion in the case where the first 
to n**^ modulated signals which are input to the frequency division 
multiplex section 103 already have respectively different 
frequency bands. On the other hand, the frequency division 

25 multiplex section 103 has a construction which involves a frequency 
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conversion in the case where some of the first to n**^ modulated 
signals may have the same frequency band. In the latter case, 
before performing a frequency division multiplex, the frequency 
division multiplex section 103 subjects the input modulated signals 
5 to a frequency conversion to ensure that the first to n^ modulated 
signals have respectively different frequency bands. In other 
words, the frequency division multiplex section may comprise a 
frequency conversion section capable of performing frequency 
conversion for the first to n^^ modulated signals so as to have 

10 respectively different frequency bands, and subject resultant 
modulated signals which are output from the frequency conversion 
section to a frequency division multiplex. 

FIG. 2A is a graph illustrating the spectra of a frequency 
division multiplexed signal which is output from a frequency 

15 division multiplex section 103 in the case where the modulated 
signals are QAM signals. As shown in FIG. 2A, the frequency 
division multiplexed signal is a signal which is obtained by 
subjecting the first to n*^modulated signals (which are QAM signals ) 
to a frequency division multiplex. The QAM signals are 

2 0 respectively modulated by using independent modulation parameters . 
It is assumed that each modulation pareuneter is changed over time 
by a control section , depending on the state of use of each subscriber 
line and the transmission characteristics of the lines, and the 
like. Although it is assumed herein that the modulated signals 

25 are QAM signals , they may alternatively be DMT (Discrete Multitone 
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modulation) signals. PIG. 2B is a graptx illustrating the spectra 
of a frequency division multiplexed signal in the case where the 
modulated signals are DMT signals . 

The peak detection section 104 is composed of a peak hold 
5 circuit or the like. With a predetermined time cycle, the pe€Lk 
detection section 104 detects a peak factor ^ , as information 
concerning peaks of the signal (amplitude) level of the frequency 
division multiplexed signal which is output from the frequency 
division multiplex section 103 (hereinafter "peak information") . 

10 FIG. 3 is a graph Illustrating changes over time of the amplitude 
level of a frequency division multiplexed signal for explaining 
a detection method and the definition of a peedc factor € . 

Since the modulation parameters of the first to n**^ modulated 
signals change over time, the amplitude level of the frequency 

15 division multiplexed signal also changes over time, as shown in 
PIG. 3. With a predetermined time cycle, the peak detection 
section 104 detects an average voltage and a peak voltage of the 
frequency division multiplexed signal. In FIG. 3, the peak 
detection section 104 is shown as detecting an average voltage 

20 

Vave 3.nd a peak voltage Vpeaki of the frequency division multiplexed 
signal at a first timing point (shownby the left waveform in FIG. 3) , 
and detecting an average power Vave and a peak voltage Vpea3c2 of 
the frequency division multiplexed signal at a second timing point 
(shown by the right waveform in FIG. 3) . It is assumed herein 
25 that the average voltage Vave is the same at both first and second 
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timing points, and tliat the n modulated signals all have the same 
average power. As a peak factor ^ , the pealc detection section 
104 detects a ratio of a peak power Ppeax based on the detected 
peak voltage Vpeak to an average signal power Pave based on the detected 
5 average voltage Vave^ i.e., I =Ppeak/Pave- Hereinafter, the peak 
factor when detecting the peak voltage Vpeaki will be referred to 
as " € i" r and the peak factor when detecting the peak voltage Vpeak2 
as 

Based on the peak factor € of the frequency division 

10 multiplexed signal which has been detected by the peak detection 
section 104, the spurious calculation section 105 calculates a 
spurious amount (ACLR: Adjacent Channel Leakage power Ratio) ACLRNch 
( € rin) of theN{=n) channel frequency division multiplexed signal. 
Based on the spurious amount ACLRnch ( € ,m) of the N-channel 

15 frequency division multiplexed signal, the spurious calculation 
section 105 calculates a comprehensive signal quality ratio (DUR: 
Desired- to-Undesired Ratio) DUR( ^ ,m) , which represents a ratio 
of the desired signal power to the undesired signal power. 
Furthermore, as signal level information concerning the signal 

20 level of the frecpiency division multiplexed signal, the spurious 
calculation section 105 calculates an optical modulation index 
m for the electrical-to-optical conversion section 107 which 
ensures that DUR( € ,m) becomes maximum (i.e., the undesired signal 
becomes minimum) . 

25 Since the spurious amount ACLRNch ( € ,m) and the comprehensive 
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signal quality ratio DUR( € ,m) are values which vary depending 
on the peak factor € and the optical modulation Index each 
of these values Is expressed as a function of the peak factor S 
and the optical modulation Index m. The comprehensive signal 
5 quality ratio Is Information which represents a ratio of the desired 
signal power to the undeslred signal power, and therefore may also 
be referred to as "desired- to-undeslred- signal information" . The 
spurious amount Is Information which represents a relationship 
between a spurious component of the frequency division multiplexed 

10 signal eind the frequency division multiplexed signal Itself, and 
therefore may also be referred to as "spurious information" . It 
is assumed that the comprehensive signal quality ratio has a 
positive value which Increases as the power of the undeslred signal 
decreases. It is assumed that the spurious cunount (adjacent 

15 channel leakage power ratio) has a negative value which is obtained 
by subtracting the level of a modulated signal from the level of 
the spurious component associated with the modulated signal, such 
that the spurious amount decreases as the level of the spurious 
component decreases. Thus, the greater the comprehensive signal 

20 quality ratio is, the smaller the spurious amount is, i.e., the 
quality is better. 

The spurious calculation section 105 passes the calculated 
optical modulation index m (as signal level Information) to the 
gain adjustment section 106. 

25 The spurious calculation section 105 may be realized by. 
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for example , an integrated circuit or the like which is programmed 
to perfoirm a predetermined procedure. The operation of the 
spurious calculation section 105 will be described later in detail . 
The optical modulation index m is represented as a ratio of a 
5 modulated current value which is input to the electrical - to - optical 
conversion section 107 (i.e. , a current value (Im) of the frequency 
division multiplexed signal) to a value which is obtained by 
subtracting a threshold current (Ith) from a bias current (lb) 
of the electrical- to -optical conversion section 107. In other 

10 words ^ m=I/?Ib=Im/(Ib-Ith) . The optical modulation index m is 
a parameter representing an average power corresponding to one 
channel of the f req[uency division multiplexed signal which is input 
to the electrical-to-optical conversion section 107. 

Based on the optical modulation index m which is provided 

15 from the spurious calculation section 105, the gain adjustment 
section 106 determines a signal level of the frequency division 
multiplexed signal to be input to the electrical- to -optical 
conversion section 107, and outputs the frequency division 
multiplexed signal with its signal level being adjusted as 

20 determined. 

The electrical-to-optlcal conversion section 107 converts 
the frequency division multiplexed signal which is output from 
the gain adjustment section 106 to an optical signal, and outputs 
the optical signal . The electrical- to-optical conversion section 

25 107 may be implemented by, for example, a direct modulation method 
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Which employs a semiconductor laser diode as a light source, eoid 
modulates an Injected current with the frequency division 
multiplexed signal so as to output an optical signal • 

The first optical trcuismlsslon path 108 propagates the 
5 optical signal which has been output from the electrical- to-optical 
conversion section 107 to the receiver 12, 

The optical -to -electrical conversion section 109 converts 
the optical signal which has been transmitted over the first optical 
transmission path 108 back into a frequency division multiplexed 
10 signal. 

The frequency demultiplex section 110 separates the 
frequency division multiplexed signal which hais been output from 
the optlcal-to-electrlcal conversion section 109 into first to 
n^** modulated signals for output. The frequency demultiplex 

15 section 110 is supposed to perform an entirely opposite operation 
to that performed by the frequency division multiplex section 103 . 
In the case where the frequency division multiplex section 103 
has performed a frequency conversion, the frequency- converted 
first to n^*^ modulated signals are to be converted back to their 

20 original frequencies. In this case, the frequency demultiplex 
section includes an Inverse frequency conversion section for 
converting the first to n^*^ modulated signals contained in the 
frequency division multiplexed signal back to their original 
frequencies for output. 

25 The first to n**^ subscriber lines 111-1 to 111 -n are provided 
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corresponding to the f ±rst to n*^ modulated signals, respectively. 
The first to n^ subscriber lines 111-1 to 111-n propagate the 
first to n^ modulated signals, respectively, which have been 
separated by the frequency demultiplex section 110. 
5 The first to n^ demodulation sections 112-1 to 112-n are 

connected to the first to n*'^ subscriber lines 111-1 to 111-n, 
respectively. Thefirst to n*^ demodulation sections 112-1 to 112-n 
demodulate the first to n^^ modulated signals which have been 
transmitted over the subscriber lines 111-1 to 111-n, respectively. 

10 In the present embodiment, each of the first to n*** demodulation 
sections 112-1 to 112-n may be a VDSL modem or the like which can 
demodulate a modulated signal based on a plurality of modulation 
parameters . Finally, the first to n^ demodulation sections 112-1 
to 112-n reproduce the demodulated first to n*^ data signals, 

15 respectively. 

Thus, the first to n^^ data signals are transmitted from 
the transmitter 11 (center office) to the first to n^** demodulation 
sections 112-1 to 112-n (i.e., the respective subscriber 
residences) . 

20 Next, prior to describing the detailed operation of the 

spurious calculation section 105, a relationship between the peak 
factor € of the frequency division multiplexed signal, the 
spurious amount ACLRNch (m) of the N-channel frequency division 
multiplexed signal, and the comprehensive signal quality ratio 

25 DUR(m) will be described. 
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FIG. 4A ±s a grapti illustrating a spectrum of a single 
modulated signal contained in a frequency division multiplexed 
signal which is output from the optical -to -electrical conversion 
section 109 and a spectrum of a spurious component (undesired signal 
5 component) associated therewith^ under a peak factor € = It 
is assumed that the spurious component shown in FIG. 4A has a 
spurious amount of ACLRi. 

FIG. 4B is a graph illustrating a spectrum of a single 
modulated signal contained in a frequency division multiplexed 

10 signal which is output from the optioal-to-electrical conversion 
section 109 and a spectrum of a spurious component (undesired signal 
component) associated therewith, under a peeik factor ^ = ^2* It 
is assumed that the spurious component shown in FIG. 4B has a 
spurious amount of ACLR2 . The adj acent channel leakage power ratio , 

15 by which the spurious amount is represented , is a suitable parameter 
for evaluating spurious components. 

Herein, it is assiamed that the average power Pave/n of the 
modulated signal is the same both for the case of € « 5 1 and for 
the case of I 2- Thus, it will be seen from FIG. 4A and FIG. 4B 

20 that, even with the same average power Ppeak/n, the size of the 
spurious component may differ depending on the peak factor. 

FIG. 5 is a graph illustrating a relationship between a peak 
factor of the frequency division multiplexed signal and a spurious 
amount thereof . As shown in FIG. 5 , the spurious amount increases 

25 as the peak factor increases. This relationship is determined 
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by the niunber N of channels , and. the characteristics of the devices 
used in the electrical- to -optical conversion section 107 , the first 
optical transmission path 108, the optical-to-electrical 
conversion section 109, and the like. Since the number N of 
5 channels and the cheoracteristics of the devices used in the 
electrical-to-optical conversion section 107, the first optical 
transmission path 108, the optical -to -electrical conversion 
section 109, and the like are known in advance, the spurious amount 
can be uniquely determined once the peak factor is determined. 

10 Next, the relationship between the peak factor € , the 

spurious amount ACLRnch ( € ,m) , and the comprehensive signal quality 
ratio DUR( € r m) as shown in PIG . 5 will be described in more detail , 
with reference to FIG. 6 A to PIG. 6D, and eq. 1. 

PIG. 6A is a graph illustrating a spectrum of a modulated 

15 signal corresponding to one channel and a spectrum of a spurious 
component associated therewith (where there is a spurious amount 
of ACLRich) . FIG. 6B is a graph illustrating the spectra of two 
channels of sinusoidal waves (two tones) , spectra of second-order 
distortions associated therewith ( IM2 ) , and spectra of third-order 

20 distortions associated therewith (IM3) . FIG. 6C is a graph 
illustrating the spectra of modulated signals corresponding to 
n channels and spectra of spurious components associated therewith 
(where there is a spurious amount of ACLRNch each) . FIG. 6D is 
a graph illustrating the spectra of n channels of sinusoidal waves 

25 (C) , as well as spectra of second-order distortions (CSO: Composite 



wo 2004/112286 



PCT/JP2004/008577 



second-Order distortion) and third-order distortions (CTB: 
Composite Triple Beat ) associated tlierewith . Eq . 1 is an equation 
representing the relationship between the spurious amount 
ACLRnchC € ,m) and the comprehensive signal quality ratio DUR( € *m) : 

I I + ^ 

DUR (€. m) CNR (m) -ACLRi« (€. m) 
, vJtere ACLRna (€. m) 

=X (m) + K (f , m) 

4cSO^'(m) ■'cTB'''<m) ] "^'^ 

"[cSO to) ■*"CTB'l;m) ] +[aCLR,^(€) -[ + IMS^'cm) ] ) 

5 ""[lM2 (m) +Ncso (m) IMS (m) +lNrciB (m) "[ IM2 (m) IMS (m) . 

... eq . 1 • 

By grasping the characteristics of the 
electrical- to -optical conversion section 107 , the spurious amount 
ACLRich ( € ) corresponding to one channel of the frequency division 

10 multiplexed signal for a given peak factor $ (see FIG. 6A) can 
be determined. Thus, the value of the spurious amount ACLRich ( € ) 
for a given peak factor S can be previously ascertained. 

By grasping the characteristics of the 
electrlcal-to-optical conversion section 107, levels of IM2 and 

15 IMS in the case of employing a two -tone technique can be determined 
(see FIG. 6B) . The levels of IM2 and IM3 are values which vary 
depending on the optical modulation index m, and are respectively 
represented as IM2(m) andIM3(m) Ineq. 1. Thus, IM2(m) and IMS (m) 

S7 
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for a given optical modulation index m can be known in advance. 

As shovm in the proviso for eq. 1, once ACLRicu ( € ) * IM2(m) , 
and IM3(m) are deteinmined, a spurious factor K { t ,in) which varies 
depending on the optical modulation index m is deteinnined. As 
5 can be seen from the proviso for eq. 1, the spurious factor K 
is a pareimeter representing a difference between a spurious amount 
of amodulated signal and an amount of distortion based on sinusoidal 
waves. In eq. 1, ai and bi are parameters which are dependent on 
the modulation parameters , e.g., the band width of the modulated 

10 signal. Therefore, once the peak factor S is determined, then 
the spurious factor /c ( S ^m) is a function of m alone. Therefore, 
for each optical modulation index m, the value of the spurious 
factor ( € ,m) corresponding to a given peak factor € (hereinafter 
simply referred to as "spurious factor /c " ) can be prescribed. 

15 For example, for a given optical modulation index m, a spurious 
factor K under the peak factor € = € i is predetermined as AC i , emd 
a spurious factor /c under the peak factor ^ « € 2 is predetermined 
as /C2. Thus, it is possible to prepare a table (hereinafter 
referred to as a " € -m- K table") between the peak factor § , the 

20 optical modulation index m, and the spurious factor K . FIG. 7 
is a schematic diagram Illustrating a € -m- k table. As shown in 
FIG. 7, the § -m- K table describes, for each given peak factor 
€ 1, a spurious factor ^jjef or an optical modulation indexmn- Stated 
differently, the § -m- K table includes m- K lists, each defining 

25 an optical modulation index mk and a spurious factor K^y^ for a 
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given peak factor $ i . 

As in the case of IM2 and IMS, the levels of CSO and CTB 
can be determined by grasping the characteristics of the 
electrical- to-optical conversion section 107 (see FIG. 6D) . The 
5 levels of CSO and CTB are values which vary depending on the optical 
modulation index m, and are respectively represented as CSO(m) 
and CTB(in) in eg. 1. In eg. 1, 3.2 and b2 are parameters which are 
dependent on the modulation parameters , e.g., the band width of 
the modulated signal. Ncso (m) represents a ratio between CSO(m) 

10 and IM2(m) . Nctb (m) represents a ratio between CTB(m) and IM3(m) . 
Therefore, the value of [az /CSO(m)+b2 /CTB(m) ]*"^, which is a tearm 
that is added to the spurious factor /c (hereinafter referred to 
as the "added term X(m) " ) , can be predetermined for a given optical 
modulation index m, in the form of a table. Such a table between 

15 the added term X(m) and the optical modulation index m will 
hereinafter be referred to as an m-additional term table. FIG. 8 
is a schematic diagram illustrating an m-additional term table. 
As shown in FIG. 8 , the m-additional term table describes the value 
of the added, term X(mk) for each given optical modulation index 

20 mjc- 

By using the S -m- k, table and the m-additional term table 
as such, the spurious amount ACLRHch( ^ ^ni) for a given optical 
modulation index m can be determined. 

CNR(m) in eg. 1 represents a carrier-to-noise ratio 
25 ( Career- to-Noise Ratio) which is previously ascertained. The 
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value of CNR(m) is dependent on the optical modulation index m. 
Therefore, the value of l/CNR(m) for a given optical modulation 
index m can be predetermined in the form of a table • Such a table 
between l/CNR(m) and the optical modulation index m will 
5 hereinafter be referred to as an m-l/CNR table. PIG. 9 is a 
schematic diagram illustrating an m-l/CNR table. As shown in 
FIG. 9 , the m-l/CNR table defines l/CNR(mic) for each given optical 
modulation index mjc. 

As described above, once the peak factor $ is determined, 

10 the comprehensive signal quality ratio DUR( € ,m) can be determined 
as a function of the optical modulation index m. Therefore, an 
optical modulation index m which ensures a maximum comprehensive 
signal quality ratio DUR( £ ,m) is an optical modulation index which 
can optimize the spurious component . 

15 FIG. 10 is a flowchart illustrating an operation of the 

spurious calculation section 105. Hereinafter, with reference 
to FIGS . 7 to 10 , the operation of the spurious calculation section 
105 will be described. 

First, the spurious calculation section 105 determines 

20 whether a predetermined point in time for adjusting the optical 
modulation index has been reached (step SI). The spurious 
calculation section 105 repeats this process of step SI until 
reaching the predetermined point in time . The predetermined point 
may be a point which comes in accordance with predetermined time 

25 intervals , or may be a point which is instructed by a control section 
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(not shown) in response to a change of the modulation parameter ( s ) • 
When the predetermined point in time is reached, the spurious 
calculation section 105 obtains the peak factor € at that moment 
from the peak detection section 104 (step S2). 
5 Next , by referring to the ^ -m- K table which is stored in 

a memory (not shown) , the spurious calculation section 105 obtains 
an m- K list which corresponds to the peak factor € obtained at 
step S2 ( step S3 ) . In the case where there is no perfectly matching 
€ in the € -m- /c table, the spurious calculation section 105 

10 obtains an m- K list which corresponds to a € that is the closest 
to the detected peak factor S . 

Next, the spurious calculation section 105 reads the 
m-additional term table from the memory* To the spurious factor 
corresponding to each optical modulation index mjc in the m- 

15 K list table, the spurious calculation section 105 adds the value 
of an added term X(m]c) corresponding to that optical modulation 
index m^ from the m-additional term table, and generates a 
correspondence list of spurious amount ACLRNch( ^ #ni) for each 
optical modulation index m^, in the form of an m- spurious amount 

20 list (step S4) . 

Next, the spurious calculation section 105 calculates the 
1/DUR( € ,mic) for each optical modulation index mjc, by subtracting 
an inverse of the spurious amount ACLRNch( ^ #nik) in the m- spurious 
amount list (i.e., I/ACLRnchC S ,mic) ) from each l/CNR(mk) in the 

25 m-l/CNR table, and thus generates an m-l/DUR list (step S5). 
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Next, the spurious calculation section 105 searches the 
m-l/DUR list for an optical modulation Index mjc which ensures a 
minimum 1/DUR( ^ ,mk) value, that Is, an optical modulation Index 
mit which ensures a maximum DUR( € ^niic) value { step S6 ) . The optical 
5 modulation Index m^ thus obtained Is the optical modulation Index 
which ensures a maximum comprehensive signal quality ratio value . 

Next , the spurious calculation section 105 passes the optical 
modulation Index mjc obtained at step S6 to the gain adjustment 
section 106 (step S7), and returns to the process of step SI. In 

10 response, the gain adjustment section 106 determines the signal 
level of the frequency division multiplexed signal to be input 
to the electrical- to-optical conversion section 107, and outputs 
the frequency division multiplexed signal with its signal level 
being adjusted as determined. 

15 Thus, according to the first embodiment, a peeik factor of 

a frequency division multiplexed signal is detected, and an optical 
modulation index which ensures a maximum comprehensive signal 
quality ratio under the detected peak factor is determined . Based 
on this optical modulation index, the level of the frequency 

20 division multiplexed signal to be input to the 
electrical- to-optical conversion section is adjusted. As a 
result , the electrical- to-optical conversion section will operate 
so as to maximize the comprehensive signal quality ratio. Thus, 
an optical transmission system which is capable of optimizing the 

25 signal quality in accordance with the modulated signal can be 
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provided. 

The first embodiment Illustrates an example where the 
spurious calculation section 105 relies on a ^ -m- /c table, an 
m-additional term table, and an m-l/CNR table to determine an 
5 optical modulation index m which ensures a maximum comprehensive 
signal quality ratio DUR( € ,m) for a given peak factor $ . 
Alternatively, a mathematical equation for the comprehensive 
signal quality ratio DUR( $ ,m) may be predefined as a function 
of the peak factor S and the optical modulation index m, and an 
10 optical modulation index m which ensures a maximtmi comprehensive 
signal quality ratio DUR( S ,m) for a given peak factor § may be 
determined through calculations based on the mathematical 
equation . 

The first embodiment illustrates a case of determining an 
15 optical modulation index m which ensures a maximiam comprehensive 
signal quality ratio DUR( € ,m) value. However, the spurious 
calculation section may determine an optical modulation index m 
which ensures that the comprehensive signal quality ratio DUR ( f , m ) 
is at least equal to or greater than a predeteirmined level. 
20 The first embodiment illustrates a case where the spurious 

calculation section determines an optical modulation index m which 
ensures a maximum comprehensive signal quality ratio 
DUR( 5 ,m) value on the basis of the spurious amount ACLRKch( ^ 
and the carrier- to- noise ratio CNR(m) . Alternatively, the 
25 spurious calculation section may determine an optical modulation 
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index m which ensures that the spurious amount ACLRnchC € ^m) is 
at least equal to or less than a predetermined level. Note that 
the spurious cimount ACLRNch ( € # ni) in itself is 
desired-to-undesired-signal information representing a ratio 
5 between the desired signal and the undesired signal. Further 
alternatively, it is possible to employ -ACLRncii( € .m) , whose sign 
is reversed from that of the spurious amount ACLRNch ( € ^m) . Since 
the value of -ACLRNch( S ,m) increases as the level of the undesired 
signal decreases , the spurious calculation section may dete3cmine 

10 an optical modulation index m which ensures that -ACLRNch{ € #ni) , 
as desired-to-undesired-signal information , is equal to or greater 
than a predetermined level. 

In this case, specifically, the spurious calculation section 
may calculate, for a peak factor € which has been detected by 

15 the peak detection section, an optical modulation index m which 
ensures that the value of the spurious amount ACLRwchC € /Wi) , as 
expressed by eq. 1 , is equal to or less than a predetermined level. 
Alternatively, the spurious calculation section may employ 
previously- stored tables to determine an optical modulation index 

20 m which ensures that the value of the spurious amount ACLRnchC € ,m) 
is equal to or less than a predetermined level. FIG. 11 is a 
flowchart illustrating an operation of the spurious calculation 
section in the case of obtaining, from previously- stored tables, 
a value of an optical modulation index m which ensures that the 

25 value of a spurious amount ACLRnchC € ,m) is equal to or less than 
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a predetermined level . As sliown in FIG. 11 , when a predetermined 
point in time is reached (step Sll)^ the spurious calculation 
section obtains a peak factor | which is detected by the peak 
detection section (step S12), obtains from a € -m- /c table an m- 
5 K list corresponding to the peak factor g (step S13), adds an 
m-additional term from an m-additional term table to the obtained 
m- AC list, and generates an m- spurious amount list (step S14). 
Then, the spurious calculation section searches the m-spurious 
amount list for an optical modulation index m^ which ensures that 

10 the spurious amount is equal to or less than a predetermined level 
(step S15) , passes the optical modulation index mic thus obtained 
to the gain adjustment section (step SI 6) for performing a signal 
level adjustment of the frequency division multiplexed signal. 
The predetermined level may be selected so as to define a mcirginally 

15 tolerable spurious amount. 

In the case where the predominant cause for spurious 
components is the third-order distortion, the spurious calculation 
section 105 may determine an optimtun optical modulation index by 
a different method from those described above. FIG. 12 is a graph 

20 Illustrating, with respect to each modulated signal in a frequency 
division multiplexed signal which is output from the 
optical-to-electrical conversion section 109 , dependencies on the 
optical modulation index of a carrier-to-noise ratio (CNR) , ACLRi 
and ACLRz illustrated in FIG. 5, and IM3 and CTB illustrated in 

25 FIG. 6B and FIG. 6D. 



wo 2004/112286 



PCT/JP2004/008577 



Hereinafter, with reference to FIG. 12, a method for 
determining an optimum optical modulation index in the case where 
the predominant cause for spurious components is the third- order 
distortion will be described, m FIG. 12, the horizontal axis 
represents an optical modulation index m based on a reading, 
corresponding to a single channel, of the signal level of the 
frequency division multiplexed signal which is output from the 
frequency division multiplex section 103. The vertical axis 
represents values of DUR, IM3, CNR, CTB, ACLRi, and ACLR2 £dB] 
with respect to the optical modulation index. It is assumed that 
the carrier- to-nolse ratio (CNR) due to noise has been calculated 
based on the characteristics of the optical devices employed in 
the electrical- to-optical conversion section 107, the first 
optical transmission path 108, and the optical -to -electrical 
conversion section 109 , or is known through measurements . In the 
case where the predominant cause for spurious components is the 
third-order distortion, ai =a2 =0 and bi =b2 =1 in eq. 1. In other 
words, comprehensive signal quality ratio DUR has a dependency 
on the optical modulation index as shown in eq. 2: 



DUR (I, m) CNR (m) ^^ACLR^TuT^ 



CNR (m) - (CTB (m) + k (|, m) ) 

1 + 1 

CNR (m) - (IM3 (m) +Ncib (m) + k ( | . m) ) 

, vifiere K (|, m) =ACLRte* (g) - I M3 (m) 

eq. 2 . 
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In the case where the predominant cause for spurious 
components is the third-order distortion, IM3,CTB,CNR, andACLRHch 
=ACLRi show the respective optical modulation index- dependencies 
as shown in FIG, 12. DUR( S ,m) , as expressed by eq. 2, exhibits 
5 a solid-line curve DURx shown in PIG. 12 • Therefore, the spurious 
calculation section 105 can determine an optimum optical modulation 
index (input signal level to the electrical -to -optical conversion 
section 107) by determining an optical modulation index m which 
ensures a maximvmi solid- line curve DURi value from the graph of 

10 FIG. 12. As shown in FIG. 12, in this exemplsiry case, the 
solid- line curve DURi taJces a meiximum value at m«:mi. Therefore, 
in order to obtain the optimum optical transmission quality, the 
gain adjustment section 106 may adjust the signal level of the 
frequency division multiplexed signal which is input to the 

15 electrical-to-optical conversion section 107 so that the optical 
modulation index equals mi. Alternatively, an optical modulation 
index m which ensures that DUR( ^ ,m) is equal to or greater than 
a predetermined level HI may be determined. 

On the other hand, in the case where S=^2r ACLRnch =ACLR2 

20 is given as shown by a dot-dash line curve in FIG. 12. DUR( S ,m) 
exhibits a dotted- line curve DUR2 shown in FIG. 12. Since DUR 
takes a maximum value at m=m2, the spurious calculation section 
105 sets the optical modulation index to be m2. Therefore, in 
order to obtain the optimum optical transmission quality, the gain 

25 adjustment section 106 may adjust the signal level of the frequency 
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division multiplexed signal wliicli is input to the 
electrical -to -optical conversion section 107 so that the optical 
modulation index equals m2. Alternatively, an optical modulation 
index m which ensures that DUR( ^ ,m) is equal to or greater than 
5 a predetermined level H2 may be determined. 

Conventionally, it has been general practice to set the 
optical modulation index m to be mo on the basis of CNR and CTB. 
Therefore, depending on the peak factor, it has not always been 
possible to set the optimum optical modulation index . On the other 
10 hand, according to the present invention, the optimum optical 
modulation index can be dynamically changed by performing a 
spurious calculation in accordance with a peak factor which changes 
over time. Thus, the optimum optical transmission quality can 
be ensured. 

15 FIG. 12 illustrates a case where the predominant cause for 

spurious components is the third-order distortion, i.e., where 
aissa2==0 in eq. 1. In the case where the second-order distortion 
is predominant, too, a spurious component ACLRNch associated with 
transmission on N channels can be determined by taking a difference 

20 between a two- tone evaluation and a single channel's worth of the 
modulated signal. 

For details of the relationship between the spurious 
components associated with modulated signals and distortion of 
sinusoidal wave signals, see, for exeunple: Yasue et al. , "Optical 

25 Access Technique for Multiple Channels of VDSL" , TECHNICAL REPORT 
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OF lEICE, vol. 102^ no. 358, OCS2002-64, pp. 17-22, Oct. 2002; and 
T. Yasue et al. , "Scalable Optical Access System for Multi- channel 
VDSL based on Subcarrler Multiplexing" , OSA Tech . Digest in Optical 
Fiber Communication Conference 2003, paper FM6 , Atlanta, USA, 
5 Mar. 2003. 

The first embodiment illustrates an example where the 
modulation method used by the first to n*** modulation sections 
102-1 to 1 02 -n are quadrat ureemiplitude modulation (QAM) or discrete 
multitone ( DMT ) , the modulation method is not limited thereto . For 

10 example , the modulation methodmay be orthogonal frequency division 
multiplexing (OFDM) or code division multiplexing (CDM) . 

The first embodiment illustrates an example where the number 
n of modulated signals (channels) is constant. In the case where 
the number n of channels is variable, the parameter Ncso (ni) (a ratio 

15 of the number of CSO waves to IM2) or the parsuneter Nctb (m) (a ratio 
of the number of CTB waves to IMS), which are dependent on the 
number of channels , may be changed . Thus , the spurious calculation 
section 105 coua easily perform a spurious calculation also in the 
case where the number of channels varies over time. Moreover, 

20 in the transmitter, an m-l/CNR table may be prepared for each of 
various numbers n of channels. In this case, when the number n 
of channels changes, the spurious calculation section 105 may read 
an m-l/CNR table that corresponds to the new number n of channels 
from a memory at step S5 shown in FIG. 10, and generate an m-l/DUR 

25 list corresponding to the number n of channels, thus determining 
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the optlmiim optical modulation index. 

The first embodiment illustrates an example where the value 
of the peak factor I is calculated by the peak detection section 
104. Alternatively, the spurious calculation section 105 may 
5 calculate the value of the peak factor £ based on an average power 
and a peak power which are detected by the peak detection section 
104. 

The first embodiment illustrates an example where the gain 
adjustment section 106 determines the signal level for the 

10 frequency division multiplexed signal , with respect to the optimum 
optical modulation index m which has been determined by the spurious 
calculation section 105 . Alternatively, the spurious calculation 
section 105 may determine the signal level for the frequency 
division multiplexed signal based on the determined optical 

15 modulation index m, ajid pass the signal level thus determined to 
the gain adjustment section 106, which then adjusts the signal 
level of the frequency division multiplexed signal based on the 
received signal level. 

(second embodiment) 

20 FIG. 13 is a block diagram illustrating the structure of 

an optical transmission system according to a second embodiment 
of the present invention. In FIG. 13, the optical transmission 
system comprises a transmitter 11a, a first optical transmission 
path 108, a second transmission path 108a, a receiver 12a, first 

25 to n^^ subscriber lines 111-1 to 111-n, and first to n*^ demodulation 
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sections (teannxnal devices) 112-1 to 112-n. The transmitter 11a 
comprises a line separation section 101, first to n**^ modulation 
sections 1G2-1 to 102-n, a frequency division multiplex section 
103, a gain adjustment section 106a, an electrical- to-optical 
5 conversion section 107 , a peak detection section 104, and a spurious 
calculation section 105. The receiver 12a includes an 
optical -to -electrical conversion section 109, a frequency 
demultiplex section 110, a distortion monitoring section 113, and 
a distortion information transmission section 114. 

10 The receiver 12a according to the second embodiment differs 

from the receiver 12 according to the first embodiment in that 
the distortion monitoring section 113 and the distortion 
information transmission section 114 are additionally comprised. 
In FIG. 13, any portion that has a similar function to that of 

15 a counterpart in the first embodiment is denoted by the same 
reference numeral as used in the first embodiment, an6. the 
descriptions thereof are omitted. The second transmission path 
108a may be an electrical transmission path or an optical 
transmission path. 

20 The distortion monitoring section 113 detects a distortion 

level, at a predetermined frequency, of the frequency division 
multiplexed signal output from the optical-to-electrical 
conversion section 109 . Alternatively, the distortion monitoring 
section 113 may detect a distortion level from the output of the 

25 frequency demultiplex section 110. 
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FIG. 14A is a graph illustrating exemplary frequency 
characteristics of second-order distortion (CSO) which is detected 
by the distortion monitoring section 113 • FIG. 14B is a graph 
illustrating exemplary frequency characteristics of third- order 
5 distortion (CTB) which is detected by the distortion monitoring 
section 113. FIGS. 14A and 14B illustrate an example where n 
channels of modulated signals are deployed between 100 [MHz] and 
1300 [MHz] through frequency division multiplex. Although 
FIG. 14A appears to be showing a binary second-order distortion 
10 value for a given frequency, the illustration is to be interpreted 
to mean that the value of the second- order distortion increases 
or decreases in a certain frequency range. The same also goes 
for FIG. 14B. 

As shown in FIG. 14A^ the second-order distortion level takes 
15 a maximum value at the lowest or highest frequency of the frequency 
division multiplexed signal. Therefore, the effect of the 
second-order distortion can be ascertained by detecting a maxim 
distortion value through measurements of the distortion levels 
in the neighborhood of the lowest frequency and in the neighborhood 
20 of the highest frequency of the frequency division multiplexed 
signal . In the exemplary case illustrated in FIG . 14A , for example , 
the maximiim value of the second-order distortion (CSO) can be 
detected by measuring the distortion levels in the neighborhood 
of the lowest frequency (100 [MHz] ) and in the neighborhood of the 
25 highest frequency (1300[MHz]). 
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Moreover, as sliown In FIG. 14B, the distortion level of the 
third-order distortion (CTB) takes a maximum value in the 
neighborhood of the center of the frequency band of the frequency 
division multiplexed signal. Therefore, the effect of the 
5 third-order distortion can be ascertained by measuring the maximum 
distortion value through measurements of the distortion level at 
the central frequency of the frequency division multiplexed signal . 
In the exemplary case Illustrated in FIG. 14B, for example, the 
maximum value of the third-order distortion can be detected by 

10 measuring the distortion level in the neighborhood of the central 
frequency ( 700 [MHz ] ) • 

The distortion monitoring section 113 passes distortion 
level information representing the detected distortion level to 
the distortion information transmission section 114. The 

15 distortion information transmission section 114 sends the 
distortion level inf oirmation to the gain adjustment section 106a 
via the second transmission path 108a. 

Based on the distortion level information which has been 
transmitted over the second transmission path 108a, the gain 

20 adjustment section 106a. adjusts the signal level of the frequency 
division multiplexed signal to be input to the 
electrical-to-optical conversion section 107 so that the 
distortion level becomes equal to or less than a predetermined 
distortion level- Specifically, upon receiving the distortion 

25 level information from the distortion information transmission 
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section 114, the gain adjustment section 106a determines whether 
the distortion level indicated by the distortion level information 
is eqpial to or less than the predetermined distortion level. If 
the distortion level is equal to or less than the predetermined 
5 distortion level, the gain adjustment section 106a does not change 
the signal level of the frequency division multiplexed signal. 
On the other hand, if the distortion level is not equal to or less 
than the predetermined distortion level, the gain adjustment 
section 106a adjusts the signal level of the frequency division 

10 multiplexed signal so as to be decreased . Then , the gain adjustment 
section 106a again receives the distortion level information which 
is sent from the distortion information transmission section 114 . 
If the distortion level indicated by the received distortion level 
information is not equal to or less than the predetermined 

15 distortion level, the gain adjustment section 106a further adjusts 
the signal level of the frequency division multiplexed signal so 
as to be decreased even more. In this manner, the gain adjustment 
section 106a keeps decreasing the signal level of the frequency 
division multiplexed signal until the distortion level becomes 

20 equal to or less than the predetermined distortion level. 

Thus, according to the second embodiment , the gain adjustment 
section can adjust the signal level of the frequency division 
multiplexed signal by considering the influence of the distortion 
after an optical transmission which is performed at the receiver. 

25 As a result, the occurrence of distortion can be suppressed even 



wo 2004/112286 




PCT/JP2004/008577 



better. Within a frequency band containing a plurality of 
modulated signals, a specific frequency band wblch Is most 
susceptible to distortion Is selectively monitored. Thus, the 
Influence of the distortion can be determined without having to 
5 measure the distortion level with respect to every frequency band. 
Since the second embodiment is based on a similar construction 
to that of the first embodiment, the effects according to the first 
embodiment can also be obtained, 
(third embodiment) 

10 FIG. 15 is a block diagram Illustrating the structure of 

an optical transmission system according to a third embodiment 
of the present invention. In FIG. 15, the optical transmission 
system comprises a transmitter lib, a first optical transmission 
path 108, a second transmission path 108a, a receiver 12b, first 

15 to n^ subscriber lines 111-1 to 111-n, first to n*** demodulation 
sections 112-1 to 112 -n, and first to n**^ quality detection sections 
115-1 to 115-n. The transmitter lib Includes a line separation 
section 101, first to n**^ modulation sections 102-1 to 102 -n, a 
frequency divisionmultiplex section 103, a gain adjustment section 

20 106b, an electrical -to -optical conversion section 107, a peak 
detection section 104, and a spurious calculation section 105. 
The receiver 12b includes an optlcal-to-electrlcal conversion 
section 109, a frequency demultiplex section 110, cuid a quality 
information transmission section 116. 

25 The receiver 12b according to the third embodiment differs 
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from the receiver 12 according to tlie first embodiment in that 
the quality information transmission section 116 is additionally 
comprised- Another difference from the first embodiment is that 
the first to n*^ quality detection sections 115-1 to 115-n are 
5 added in the subscriber terminals. In FIG. 15, any portion that 
has a similar function to that of a counterpaxt in the first or 
second embodiment is denoted by the same reference numeral as used 
in the first or second embodiment, and the descriptions thereof 
are omitted. 

10 The first quality detection section 115-1 , which is connected 

to the first demodulation section 112-1, monitors the signal 
quality of the first modulated signal which is transmitted from 
the first subscriber line 111-1- Specifically, the first quality 
detection section 115-1 detects a SNR( signal to noise ratio) or 

15 bit error rate as signal quality information. The first quality 
detection section 115-1 transmits the signal quality information 
indicating the detected signal quality to the quality information 
transmission section 116. The transmission of the signal quality 
information may utilize the subscriber line, or any other line. 

20 The operation of the second to n*** quality detection sections 115-2 
to 115 -n is the same as that of the first quality detection section 
115-1. 

Via the second transmission path 108a, which is installed 
for enabling bidirectional communications, the quality 
25 information transmission section 116 transmits the signal quality 
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information of the first to n**^ modulated signals to the gain 
adjustment section 106b. 

Based on the signal quality information which is transmitted 
over the second transmission path 108a, the gain adjustment section 
5 106b adjusts the signal level of the frequency division multiplexed 
signal to be input to the electrical- to- optical conversion section 
107 so that the signal quality of the modulated signal satisfies 
a predetermined quality level. Specifically, upon receiving the 
signal quality information from the quality information 

10 transmission section 116, the gain adjustment section 106b 
determines whether the signal quality indicated by the signal 
quality information satisfies the predetermined quality level. 
If the signal quality satisfies the predetermined quality level, 
the gain adjustment section 106b does not change the signal level 

15 of the frequency division multiplexed signal. On the other hand, 
if the signal quality does not satisfy the predetermined quality 
level, the gain adjustment section 106b adjusts the signal level 
of the frequency division multiplexed signal so as to be decreased. 
Then, the gain adjustment section 106b again receives the signal 

20 quality information transmitted from the quality information 
transmission section 116 . If the signal quality indicated by the 
received signal quality information does not satisfy the 
predetermined quality level, the gain adjustment section 106b 
further adjusts the signal level of the frequency division 

25 multiplexed signal so as to be decreased even more. Thus, the 
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gain adjustment section 106b keeps decreasing the signal level 
of the frequency division multiplexed signal until the signal 
quality satisfies the predetermined quality level . Alternatively , 
the adjustment section 106b may keep adjusting the signal level 
5 so as to be Increased. 

Thus , according to the third embodiment , the gain adjustment 
section adjusts the signal level of the frequency division 
multiplexed signal based on the signal quality of a modulated signal , 
whereby the signal quality of the modulated signal can be maintained 
10 above a predetermined qpiality level . The monitoring of the signal 

quality can be easily performed by utilizing a standard function 

» 

of a VDSL modem composing the demodulation section. Since the 
second embodiment is based on a similar construction to that of 
the first embodiment , the effects according to the first embodiment 
15 can also be obtained. 

(variant of the embodiments) 

The first to third embodiments have illustrated examples 
where peeik information detection is performed based on a frequency 
division multiplexed signal which is output from the frequency 
20 division multiplex section 103. However, the present invention 
is not limited thereto. 

FIG. 16 is a block diagram Illustrating the structure of 
an optical transmission system in the case where peak information 
is obtained by detecting peak values of first to n**^ modulated 
25 signals which are output from the first to n**^ modulation sections 
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102-1 to 102-n. InFIG. 16, anyportion that has a similar function 
to that of a counterpsLrt In the first embodiment Is denoted by 
the same reference numeral as used In the first embodiment. In 
PIG. 16, the first to n^ modulated signal peak detection sections 
5 117-1 to 117-n detect peak voltages eutid average voltages of the 
first to n^^ modulated signals , respectively, and send the detected 
peak voltages and average voltages to the spurious calculation 
section 105c. The first to n*** modulated signal peak detection 
sections 117-1 to 117-n together compose one peak detection section. 

10 The spurious calculation section 105c calculates an arithmetic 
mean value of the peak voltages and an arithmetic mean value of 
the average voltages of the first to n*** modulated signals which 
have been sent from the first to n**^ modulated signal peak detection 
sections 117-1 to 117 -n. By using the calculated mean values as 

15 the peak voltage and average voltage of the frequency division 
multiplexed signal, the spurious calculation section 105c 
determines a peak factor $ of the frequency division multiplexed 
signal. Thereafter, In a manner similar to the first embodiment, 
the spurious calculation section 105c determines an optimum optical 

20 modulation index m based on the calculated peak factor € , and 
sends the optical modulation index m to the gain adjustment section 
106. 

Thus, similar effects to those according to the first 
embodiment can be provided. Since a peaJc factor is obtained based 
25 on the peak value of each modulated signal, a more accurate peeik 
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factor can be obtained In the case where the modulation sections 
employ different modulation parameters, for example. As In the 
case of the second embodiment, the optical transmission system 
shown In FIG. 16 may be provided with a means for monitoring 
5 distortion levels. As In the case of the third embodiment, the 
optical transmission system shown In FIG. 16 may be provided with 
a means for monitoring the signal quality. 

FIG. 17 is a block diagram Illustrating the structure of 
an optical transmission system in the case where peak information 

10 is obtained by detecting peak values of a frequency division 
multiplexed signal which is output from the optical -to -electrical 
conversion section 109 . In FIG. 17 , any portion that has a similar 
function to that of a counterpart in the first or second embodiment 
is denoted by the same reference numeral as used in the first or 

15 second embodiment. In FIG. 17, in a manner similar to the peak 
detection section 104 according to the first embodiment, the peak 
detection section 104b determines a peak factor $ from a frequency 
division multiplexed signal which is output from the 
optical-to-electrlcal conversion section 109, and transmits the 

20 peak factor S to the spurious calculation section 105 via the 
second transmission path 108a. In a majiner similar to the first 
embodiment, the spurious calculation section 105 determines an 
optimum optical modulation index m based on the peak factor ^ 
which has been sent from the peak detection section 104b, and sends 

25 the optical modulation index m to the gain adjustment section 106 . 
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Thus, similar effects to those according to the first 
embodiment can be provided. Note that the spurious calculation 
section 105 may alternatively be provided at the receiver 12, in 
which case the gain adjustment section 106 adjusts the level of 
5 the frequency division multiplexed signal based on the optical 
modulation index which is fed back to the transmitter 11. As in 
the case of the second embodiment, the optical transmission system 
shown in FIG. 17 may be provided with a means for monitoring 
distortion levels . As in the case of the third embodiment , the 

10 optical transmission system shown in FIG. 17 may be provided with 
a means for monitoring the signal quality. 

FIG. 18 is a block diagram illustrating the structure of 
an optical transmission system in the case where peak information 
is obtained by detecting peak values of first to n*^ modulated 

15 signals which are output from the frequency demultiplex section 
110. In FIG. 18, any portion that has a similar function to that 
of a counterpart in the first embodiment is denoted by the same 
reference numeral as used in the first embodiment. In FIG. 18, 
the first to n*^ modulated signal peak detection sections 119-1 

20 to 119 -n detect peak voltages and average voltages of the first 
to n^^ modulated signals , respectively, and send the detected peak 
voltages and average voltages to the peak information transmission 
section 120 » The peak infoinnation transmission section 120 send 
the peak voltages and average voltages of the first to n*^ modulated 

25 signals , which have been sent from the first to n^*^ modulated signal 
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peak detection sections 119-1 to 119-n, to the spurious calculation 
section 105c via the second transmission path 108a. The first 
to n^ modulated signal peak detection sections 119-1 to 119-n 
and the peak Information transmission section 120 together compose 
5 one peak detection section . The spurious calculation section 105c 
calculates an arithmetic mean value of the peak voltages and an 
arithmetic mean value of the average voltages of the first to n**^ 
modulated signals which have been sent from the first to n^^ 
modulated signal peak detection sections 119-1 to 119 -n. By using 

10 the calculated meain values as the peak voltage and average voltage 
of the frequency division multiplexed signal, the spurious 
calculation section 105c determines a peak factor $ of the 
frequency division multiplexed signal. Thereafter, in a manner 
similar to the first embodiment, the spurious calculation section 

15 105c determines an optimxam optical modulation index m based on 
the calculated peak factor € , and sends the optical modulation 
index m to the gain adjustment section 106. 

Thus, similar effects to those according to the first 
embodiment can be provided. Since a peak factor is obtained based 

20 on the peak value of each modulated signal, a more accurate peak 
factor can be obtained in the case where the modulation sections 
employ different modulation parameters, for example. Note that 
the spurious calculation section 10 5c may alternatively be provided 
at the receiver 12, in which case the gain adjustment section 106 

25 adjusts the level of the frequency division multiplexed signal 
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based on the optical modulation Index whlcli Is fed back to the 
transmitter 11. As In the case of the second embodiment, the 
optical transmission system shown In FIG. 18 may be provided with 
a means for monitoring distortion levels • As In the case of the 
5 third embodiment , the optical transmission system shown In PIG . 18 
may be provided with a means for monitoring the signal quality. 

Although the above embodiments Illustrate examples where 
the transmitter and the receiver are on a one-to-one relationship, 
a single transmitter may be used In conjunction with a plurality 

10 of receivers . In the case where a single transmitter is used In 
conjunction with a plurality of receivers and where information 
is to be fed back from the receivers to the transmitter as shown 
In FIGS. 13, 15, 17, and 18, Information may be fed back from each 
receiver, and the transmitter may adjust the level of the frequency 

15 division multiplexed signal based on the respective fed back 
information . 



INDUSTRIAL APPLICABILITY 
An optical transmission system, anda transmitter , a receiver, 
20 and a signal level adjustment method for use therein according 
to the present invention can reduce spurious components occurring 
in the neighborhood of the spectra of modulated signals , and 
therefore are useful in the field of optical communications and 
the like. 
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CLAIMS 

1. An optical transmission system liaving: a transmitter for 
converting a frequency division multiplexed signal to an optical 
5 signal and sending the optical signal onto an optical transmission 
path, the frequency division multiplexed signal being composed 
of first to n^ modulated signals (where n is an integer which 
is equal to or greater than two) having been subjected to a frequency 
division multiplex; a receiver for converting the optical signal 

10 having been transmitted over the optical transmission path back 
into the frequency division multiplexed signal, and separating 
the frequency division multiplexed signal into the first to n"^ 
modulated signals; and first to n*^ terminal devices which are 
connected to the receiver via the first to n*^ connection lines, 

15 respectively, for receiving the sepairated modulated signals, the 
system comprising: 

a peak detection section for detecting peak information 
concerning a peak of a signal level of the frequency division 
multiplexed signal; 

20 a spurious calculation section for, based on the peak 

information detected by the peak detection section, calculating 
desired- to-undesired- signal information of the frequency 
division multiplexed signal, and determining signal level 
information concerning a signal level for the frequency division 

25 multiplexed signal which ensures that the 
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desired- to-undesired- Signal Information Is equal to or greater 
than a predetermined level; and 

a gain adjustment section provided In the transmitter for, 
based on the signal level Information determined by the spurious 
5 calculation section, adjusting the signal level of the frequency 
division multiplexed signal when being converted to the optical 
signal . 



2. The optical transmission system according to claim 1, 
10 wherein the transmitter Includes: 

first to n*^ modulation sections for generating the 
first to n^^ modulated signals based on first to n*^ data signals 
to be transmitted to the first to n**^ terminal devices; 

a frequency division multiplex section for outputting 
15 the frequency division multiplexed signal by subjecting the first 
to n*^ modulated signals which are output from the first to n*^ 
modulation sections to a frequency division multiplex; and 

an electrical -to -optical conversion section for 
converting into the optical signal the frequency division 
20 multiplexed signal which is output from the frequency division 
multiplex section, the signal level of the frequency division 
multiplexed signal having been adjusted by the gain adjustment 
section, and for sending the optical signal onto the optical 
transmission path, and 
25 the receiver includes: 
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an optical-to-electrical conversion section for 
receiving the optical signal having been transmitted via the 
optical transmission path, and converting the optical signal back 
into the frequency division multiplexed signal; and 
5 a frequency demultiplex section for extracting the 

first to n^^ modulated signals from the frequency division 
multiplexed signal which is output from the optical -to -electrical 
conversion section, and sending the first to n**^ modulated signals 
onto the first to n^^ connection lines, respectively, and 
10 the first to n*^ terminal devices each include a demodulation 

section for demodulating the modulated signal which is transmitted 
over a corresponding one of the first to n^^ connection lines. 

3. The optical transmission system according to claim 2, 
15 wherein, 

the desired- to-undesired-signal infoannation is spurious 
information concerning a spurious component of the frequency 
division multiplexed signal occurring in the 
electrical-to-optical conversion section and the frequency 

20 division multiplexed signal itself, and 

the spurious calculation section determines , as the signal 
level information, information concerning a signal level for the 
frequency division multiplexed signal which ensures that a level 
of the spurious component represented by the spurious information 

25 is equal to or less than a predetermined level. 

66 



wo 2004/112286 




IPCT/JP2004/008577 



4. The optical transmission system according to claim 3, 
wherein , 

the peak Information is expressed by a pee^c factor $ , which 
5 represents a ratio of a peak power to an average power of the 
frequency division multiplexed signal, 

the spurious information is expressed by an adjacent channel 
leeikage power ratio, which is determined in terms of: 

a spurious factor /c which is determined based on: 
10 a spurious amount, in accordance with the peak factor € , of a 
modulated signal corresponding to one channel; a level of 
second-order distortion which is in accordance with a given optical 
modulation index m in the electrical- to- optical conversion 
section; and a level of third-order distortion which is in 
15 accordance with the given optical modulation index m in the 
electrical -to -optical conversion section; 

a level of composite second-order distortion of the 
frequency division multiplexed signal which is in accordance with 
the given optical modulation index m in the electrical- to -optical 
20 conversion section; and 

a level of composite third- order distortion of the 
frequency division multiplexed signal which is in accordance with 
the given optical modulation index m in the electrical- to -optical 
conversion section, and 
25 the spurious calculation section determines, as the signal 
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level information, an optical modulation index m wliich ensures 
that the adjacent channel leakage power ratio is equal to or less 
than a predetermined level, 

5. The optical transmission system according to claim A, 
further comprising a g -m- K table storage section for previously 
storing a ^ -m- k table indicating correspondence between the peak 
factor § , the optical modulation index m in the 
electrical- to-optical conversion section, and the spurious factor 

wherein the spurious calculation section is operable to: 
determine a spurious factor /c which corresponds to 
the peak factor € detected by the peak detection section, by 
referring to the I -m- /c table stored in the ^ -m- K table storage 
section; and 

search for an optical modulation index m which ensures 
that the adjacent channel leakage power ratio, which is expressed 
by the spurious factor fc , the level of composite second-order 
distortion, and the level of composite third-order distortion, 
is equal to or less than a predetermined level, and determines 
the optical modulation index m thus found as the signal level 
information . 

6. The optical transmission system according to claim 2, 
wherein the desired- to -undesired- signal information is a 
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comprehensive signal quality ratio wiiicli is defined based on: 
spurious information concerning a spurious component of the 
frequency division multiplexed signal occurring in the 
electrical-to-optical conversion section; and carrier-to-noise 
inf ormat ion , and 

the spurious calculation section determines , as the signal 
level information, information concerning a signal level for the 
frequency division multiplexed signal which ensures that the 
comprehensive signal quality ratio becomes maximum. 

7. The optical transmission system according to claim 6, 
wherein , 

the peaik information is expressed by a peak factor € , which 
represents a ratio of a peak power to an average power of the 
frequency division multiplexed signal, 

the spurious information is expressed by an adjacent channel 
leakage power ratio, which is determined in terms of: 

a spurious factor K which is determined based on: 
a spurious amount, in accordance with the peak factor € , of a 
modulated signal corresponding to one channel; a level of 
second- order distortion which is in accordance with a given optical 
modulation index m in the electrical -to -optical conversion 
section; and a level of third-order distortion which is in 
accordance with the given optical modulation index m in the 
electrical- to-optical conversion section; 
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a level of composite second- order distortion of the 
frequency division multiplexed signal which is in accordance with 
the given optical modulation index m in the electrical- to -optical 
conversion section; and 

a level of composite third-order distortion of the 
frequency division multiplexed signal which is in accordance with 
the given optical modulation index m in the electrical -to -optical 
conversion section^ 

the carrier-to-noise information is expressed as a function 
of the optical modulation index m in the electrical-to-optical 
conversion section, 

the optical transmission system further comprises: 

a € -m- K table storage section for previously storing 
a g -m- K table indicating correspondence between the peak factor 
€ , the optical modulation index m in the electrical-to-optical 
conversion section, and the spurious factor /c ; and 

a carrier-to-noise information storage section for 
previously storing correspondence between the optical modulation 
index m in the electrical- to -optical conversion section and the 
carrier-to-noise information, 

the spurious calculation section is operable to: 

determine a spurious factor /c which corresponds to 
the peak factor € detected by the peeilc detection section, by 
referring to the € -m- /c table stored in the € -m- /c table storage 
section; 
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determine the adjacent channel leakage power ratio 
which is expressed by the spurious factor K , the level of composite 
second-order distortion, eind the level of composite third-order 
distortion; and 

determine , as the signal level information , an optical 
modulation index m in the electrical- to -optical conversion section 
which ensures that the comprehensive signal quality ratio , which 
is expressed by the adjacent channel leakage power ratio and the 
cearrier- to -noise information, becomes maximum. 

8. The optical transmission system according to claim 2, 
wherein the peak detection section detects the peak information 
by detecting the signal level of the frequency division multiplexed 
signal which is output from the frequency division multiplex 
section. 

9. The optical transmission system according to claim 2, 
wherein the pecJc detection section detects the peak information 
based on information concerning peaks of the first to n**^ modulated 
signals which are output from the first to n*^ modulation sections . 

10. The optical transmission system according to claim 2, 
wherein the peak detection section detects the peak information 
by detecting the signal level of the frequency division multiplexed 
signal which is output from the optical- to-electrical conversion 
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section . 

11. The optical transmission system according to claim 2, 
wherein the peak detection section detects the peak Information 

5 by detecting the signal levels of the first to n**" modulated signals 
which are output from the frequency demultiplex section. 

12. The optical transmission system according to claim 2, 
wherein , 

the frequency division multiplex section Includes a 
frequency conversion section for converting the first to n*^ 
modulated signals to signals having respectively different 
frequencies , and 

the frequency demultiplex section Includes an Inverse 
frequency conversion section for converting the first to n*^ 
modulated signals contained In the frequency division multiplexed 
signal to signals having their respective original frequencies. 

13. The optical transmission system according to claim 2, 
20 wherein the spurious calculation section determines the 

deslred-to-undeslred- signal Information In accordance with a 
nxamber n of channels of modulated signals. 

14. The optical tremsmlsslon system according to claim 2, 
25 wherein the receiver further Includes: 
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a distortion monitoring section for detecting a 
distortion level, at a predetermined frequency, of tlie frequency 
division multiplexed signal which is output from the 
electrical- to-optical conversion section; and 
5 a distortion information transmission section for 

transmitting distortion level information to the transmitter, the 
distortion level information representing the distortion level 
which is detected by the distortion monitoring section, eind 

based on the distortion level information which is 

10 transmitted from the distortion information transmission section , 
the gain adjustment section adjusts the signal level of the 
frequency division multiplexed signal which is input to the 
electrical-to-optical conversion section so that the distortion 
level which is detected by the distortion monitoring section is 

15 equal to or less than a predetezrmined level. 



15. The optical transmission system according to claim 2, 
wherein , 

each terminal device further includes a quality detection 
20 section for detecting a signal quality of an output signal from 
the demodulated by the demodulation section, and transmitting the 
signal quality as signal quality information to the transmitter 
via the receiver, and 

the gain adjustment section adjusts the signal level of the 
25 frequency division multiplexed signal which is input to the 
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electrical-to-optical conversion section so that the signal 
quality which is represented by the incoming signal quality 
information satisfies a predetermined quality level. 

5 16. A transmitter for converting a frequency division 

multiplexed signal to an optical signal and sending the optical 
signal onto an optical transmission path, the frequency division 
multiplexed signal being composed of first to n** modulated signals 
(where n is an integer which is equal to or greater than two) having 
10 been subjected to a frequency division multiplex, the transmitter 
comprising: 

a peak detection section for detecting peak infoirmation 
concerning a peak of a signal level of the frequency division 
multiplexed signal; 

15 a spurious calculation section for, based on the peak 

information detected by the peak detection section, calculating 
desired-to-undesired-signal information of the frequency 
division multiplexed signal, and determining signal level 
information concerning a signal level for the frequency division 

20 multiplexed signal which ensures that the 

desired-to-undesired-signal information is equal to or greater 
than a predetermined level; and 

a gain adjustment section for, based on the signal level 
information determined by the spurious calculation section, 

25 adjusting the signal level of the frequency division multiplexed 
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Signal wlxen being converted to the optical signal - 

17. A receiver for use in conjunction with a transmitter 
for converting a frequency division multiplexed signal to an 
5 optical signal and sending the optical signal onto ein optical 
transmission path , the frequency division multiplexed signal being 
composed of first to n^^ modulated signals (where n is an integer 
which is equal to or greater than two) having been subjected to 
a frequency divisionmultiplex , the receiver converting the optical 
10 signal having been transmitted from the transmitter back into the 
frequency division multiplexed signal and separating the frequency 
division multiplexed signal into the first to n*^ modulated signals , 
the receiver comprising: 

a peak detection section for detecting peak infprmation 
15 concerning a peak of a signal level of the frequency division 
multiplexed signal, 
wherein , 

the peak information detected by the peak detection section 
is used for calculating desired- to -undesired- signal information 

20 of the frequency division multiplexed signal, the 
desired- to-undesired- signal information being used for 
determining signal level information concerning a signal level 
for the frequency division multiplexed signal which ensures that 
the desired- to-undesired- signal information is equal to or greater 

25 than a predetermined level; and 
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the signal level inf oinnation is used for adjusting tlie signal 
level of tlie frequency division multiplexed signal when being 
converted to the optical signal. 

5 18. A signal level adjustment method for adjusting a signal 

level of a frequency division multiplexed signal for use in an 
optical transmission system having: a transmitter for converting 
a frequency division multiplexed signal to an optical signal and 
sending the optical signal onto an optical transmission path, the 

10 frequency division multiplexed signal being composed of first to 
n** modulated signals (where n is an integer which is equal to 
or greater than two) having been subjected to a frequency division 
multiplex; a receiver for converting the optical signal having 
been transmitted oyer the optical transmission path back into the 

15 frequency division multiplexed signal, and separating the 
frequency division multiplexed signal into the first to n**^ 
modulated signals; and first to n^^ terminal devices which are 
connected to the receiver via the first to n*^ connection lines, 
respectively, for receiving the separated modulated signals, the 

20 method comprising the steps of: 

detecting peak information concerning a peak of a signal 
level of the frequency division multiplexed signal; 

calculating desired- to -undesired- signal information of the 
frequency division multiplexed signal based on the detected peeJc 

25 information; 
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determining signal level information concerning a signal 
level for the frequency division multiplexed signal which ensures 
that the desired- to-undesired-signal information is equal to or 
greater thsoi a predetermined level; and 
5 based on the signal level information^ adjusting the signal 

level of the frequency division multiplexed signal when being 
converted to the optical signal. 
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